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(54) TlUe: OCCLUSION OF A VESSEL 




(57) Abstract 

A device for occluding a vessel employs one of a number of different expansion memben joined to one or more elongate members. 
The expansion member nuy include a braid, one or more coils, ribs, a ribt>on-lilce structure, a slotted tube, or a filler-like mesh. If the 
expansion member is eocloscd by i tuiuble merabrvK. the device seals with the vessel wall to partially or completely occlude the vessel. A 
perforated membrane may be used to permit (he perfusion of blood. The expansion member may be self-expanding, or it may be expanded 
by engaging it with one of the elongate memoers. Alternatively, die expansion roemtier may be expanded by heating IL 
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OCCUISIOII OF A VESSEL 
Badurawid of tht tewntiwi 

FwW of thn Inwntian 

Thi prasHit imnmiim niatn vmtif to Urn uAam of ■ msri withn • patiut and mere spedficallv, 

to n apparitus and RBthod of partnRy or csnvlataly ocdudinp ■ vnsiL 
DMetintiiiiiiifihBHdaf.»Art 

Attempts heratefora hava been mode to treet oecknion in the cwotid arteiies loMiino to the bian. 
However, «ich erteries hm been vcty diffieuh to treat because of the peaiiity of daledBjng pleque whicb can 
enter various eiteriai vessels of the brain and cause pennanent brain demege. Attempts to treat such occkisiens 
with faailoon angioplasty have been vary limited beeeun of saeh dangen. In aurgcel treatments, such as 
andartereetomy, the carotid artery ii slit and plaque is removed fram the vessel in the slit ma. Such surgical 
preesdures have substantial risic associated with them wtich can lead to morbality and mortality. 

In other procedures, such as in angioplasty and in the treatment of peripheral erteries end veins, there is 
the possibility that the guide wees and cethaters used in such procedures during deployment of the seme may cause 
distodgameat of debris or emboli which can flow downstream and cause serious demege, such as stroke, if they 
oeckide Hood flow in smaler vessels. Thus, in summary, embolization end migretion of mioo«nboi downstream 
to an and eigan is e major concern of cardiologistt during eetbeteriiations. 

Thore b thnefore need for new end improved epparetus and methods which maice it possible to treet 
oeduded vessels without endangarinp the petient 

Seimarv of tt» hwntinn 

The present eivention setisfies the need for a device tbet ocdudes a vessel, in perticrier, e vessel ei e 
petieet unde.-geing therapeutic or ether medical beatmant. Any one el e mmriier of different espension memben 
era pmed to one or more eiongata memben such es hypotubes to form e device tbet completely or pertiaHy occludes 
e vessel wMiin a patient. The espension member miy be seM-espamiing, it may be espended by engaging it with 
one of the elongate members, or it nwy be heeted to eeuse h to upend. A mambrene prefereUy surrounds the 
eipansion mtnter so that e seel is made between the membrane and the vuseL The perfusion of bhiod is eliewed 
if the memiranfl is perforated. Partial occlusion may be ebtened withoit e membrene if e suitable espension 
member b e^iesen. In general, in one espect of the presem nventioa there b pravided en appvetna and method 
that can be used whh approved diagnostic and tberepeutie devices to reduce the efaanca of endiefi migrating 
downstream. Ahernativaly, the espantion member may enehor en eitrevascular device within e vesseL 

One embedimem of the present invention a e device for occkiding e vascular segment, ei which the device 
inckides en i sponsion member end first end second elongate members. The frst elongete member engeges the 
upensbn member, and the second ehmgate member surrounds the f int etongere member, with the espension nonter 
upending to octhide the vascular segment when one of the elongete members b moved longitudinelly. The 
npansnn member preferabhr inckides e breitf, e col. e ribbon-fke structure, e stoned tube, a pbrality of ribs or a 
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fdltrat mesh. The dnrice mey abe inckide naiihal that adjoins the ezpansion mender for creatng a partial or 
total seal with the vascular saomam. 

In one particiilar mbodiment the axpansm memtoir is in an irnexpanded state whan h is surrounded by 
the second ekmaate membir. but eipands when the first elonoate member is pushed through the second elonoate 
member. In enother embodiment, both the first and secmid elonvMe members ere secured to the expansion menter. 
and the expansion member expands as the first Ungate member is retracted. 

Another embodimBnt of the imremion is a method of ocdudino • i«Ofl»nt whbin e vessel which includes 
the step of inserting first ami seeeml elonoeta members into the vessel to bt ocdnded (in which the first elongate 
member adjoins an expension memberL folowad by the step of varying the position of st least one of the elongate 
members so that the expansion member exparals until the vessel is completely or partially occluded. In m 
embodimeni. the varying step eichidu retracting one of the ekmgete members, end in enother embodiment the 
varying step comprises pushing one of the elongate members through the other elongate mender. Inyetanothcr 
method of ocdudng a segment within a vessel an expansion member is inserted wHhsi the vessel and the expansion 
member is heated to cause it to expand until the vessel is at least partially occluded. Heetng the expansion member 
may involve, for example, passing electrical current through it or passing wamt solution over or neer it. 

Brief Description of thp Hfuwinj^ 

FIG. 1 is a side^vational view n section of one embodiment of a catheter epperatus incorporatino the 
present iitvention for treatng ocdjded vessels. 

FIG. 2 is a side^ievatlonal view in section simdar to FIG. 1 but showing the epperatus in FIG. 1 with the 
expansion member (in this case, a sall-expandable seal) deployed. 

FIG. 3 is a side^ievetional view in section of another embodiment of a catheter epparatus ineorporitng 
the present invention for treeting occluded vessels. 

FIG. 4 is a view similar to FIG. 3 but showing the expansion member On ties case, a setf*expandabte seal! 

deployed. 

HG. 5 is a schematic, lonpitudnl cmn sectional view of en embodiment in which a membrane only 
partially surrounds a braid used es the expansion mend)er. 

FIGS. 6A ami 6B show end views of unpeHorated end perforated membranes, respectively. 

FIG. 7 is 8 schematic, longitudinai crou sectional view of en embodimont in which a braid without a 
membrane is used. 

FIG. 8 is a schematic, longitudinal cross sectional view of an embodiment in which e filter-like mesh is used 
es the expansion member. 

FIG. 9 is a schamatic, longitudinal cross sectional view of an embodiment in which a slotted tube is used 
es the expansion member. 

FIG. 10 is a perspective view of the slotted tube used in the embodmnt of FIG. 9. 
FIG. 1 1 is a schematic, longitudinal cross sectional view of en embodmnt in which e coil is used es the 
expansion member, and the proximal end of a membrane surrounding the coi adjoins the coil 
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FIB. 12 IS a idmatic. tongitudinal cross sactimi view of an efnbotfmnt r which a co9 is used as the 
axpanaian mambar. and the proiimal and al a nmbrana aurroundinQ the coi adjoins a thaath that surrounds both 
first and sacend atongata mamfaars. 

FIG. 12A is an ambodimam similar to that shown in FIB. R ai which rasisthra haatatg is used to eipand 
the npansion member, with current beino conducted throuob waas baina attached to cither side of the expansion 
member. The ezpension member as shown is partialy dapiof ed. 

FIG. 12B is an embodiment simier to that ahown in HG. 12A. in which rasisthfo haetina is used te expand 
the expansion member, with current being conducted thrm/gh e wre being anachad to the distal and of the expansion 
member end through a coating on the first elongate member. The expansion member as shown is panialy deployad. 

FIG. 13 is a schematic side cross sectional view of an embodiment in which a pluraKty of ribbons are used 
es the eipansion member. 

FIG. 13A is an embodiment similar to that shown in FIG. 13, n which a warm sokitnn panes between 
the first and second elongate members to transfer heat to the expansian member, causing it to expand. The 
expansion member as shown is partially deployed. 

FIG. 13B is an embodimnt simiar to that shown in FIG. 13A. in which a warm solution passes thrmigh 
the first elongeie member to trensf er heat to the expansion member, causing it to expand. The expansion member 
es shown is partially deptoyed. 

FIG. 13C IS en embodimem similar to that shown in FIBS. 13A and 13B, m which a warm solution passes 
through one or more lumens in the first elongate member to transfer heet to the expansion member. n to 
expend. The expansion membir as shown is pertially deployed. 

FIG. 14 is a schematic side cross sectional view of en embodiment in which a plurality of riis are used 
as the eipansion member. 

FIG. 15 is on isametnc view of an embodiment of the invention in which a pull wre is used to deploy a 
phirabty of non-self -expanding ribbons surrounded by a membrane. 

FIG. 16 is a side partial sectional view of the embodiment of FIG. 15 in which the ribbons are in their 
relaxed, vndeployed position. 

FIG. 17 is a side elevatnnal view of the embodiment of FIG. 15 in which the ribbons are deployed, and the 
membrami makes a seal with the vessel 

FIGS, 18A and 18B show iongriudina) and end perspective views, respectively, of a locking mechanism used 
with a wire that deploys an expansion member. 

FIB. 19 is a perspective view of an ahemativa locking mechanism used with a wire that deptoys an 
expanskin member. 

FIGS. 20A, 20B. 20C. and 200 show, respectively, a braid, a filter-like mesh, e slotted tube, end e plurelity 
of coas. which can be used es ehernative expansion members in piece of the ribbons in the embodiment of FIG. 15. 
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MlM Oaseriitian nf th g Prefetrtd bnliodiiMnts 
The npanion mmlivs disansid twin induda braids, ceite, tts. ribboivfiki stfucturw. slottid tubes. <nd 
rhv-lika iiMhu. Thm upsntan mambws may Im partbly eomrad cr compiMtiy surrmoded by a nwnbrane or 
etlwr eovaring to provida eeefcoiBii er aeabig af tha mial Aa luad htrn. •ocekisioi.- or -jaarinB", and the ike. 
maan partial ar eamplate bledaaa of fluid flow in a vasodar sagmant. is it is asnatimas preferable to aUow 
perfusien. Moraover. such aipansiaR maRifaars may ba daployad by vaiiaus macbanieal means, alsctrical maans or 
thamnaiechaiiieal maans. ate as described harain. Eipaiuien membars that are deployed mechanically are prafarably 
•apiing-llte" ai ratura. i». thay are prafarably rasient to fadtata thak dqdoymam or tatractiaa. 
Catheter AoMfatusai and Sjlf^ taandiM BniHt 

One embodiinam of a eathatar apparatus ineorpeiatina tha prasant invantioa for traatino acduded vesseU 
is shown in Figures t and 2. As shown tharea tha eathatar apparatus 651 consists af a flaxUe elonoata fnambar 
652 wh«h is provided with proximal and distal extrantiss 653 and 654. A eomantnnal adapiar 656 is nawntad 
on the prozhul extremity and is pravidid with a Touhy Borst fhtinB 657 which is ai eomnunieation with a large 
central li;men 658 extending from the proxinal extremity 653 to the distal atremity 654. An aspiration fitting 661 
is provided on the adaptor 6S6 as well as an irrigation fitting 662, both of which era in conanunication with the 
eamral kimen 658. However, it should be appreciated that if desired, separate kinans can be provided in the flezble 
elongate member 652 for both of the fittings 661 and 662. 

Salf-expanding sealiq mechanism 666 is mounted on tha distal extremitv 654. ThiTself-eiipandng seafng 
mochaninn 666 can take any suitable farm. For axampla. as shown it can consist of a braided structure 667 formed 
of a suitabia ahape mmory material such as a nickel titanin afay that wB attempt to expand to a pradetwnned 
shape momory. Other than shape memory materials, other matarials such as stainlass staeL Elploy'", titanium or 
other matariaU can ba utilized in the braid 667 as long as they have tha capability af axpandng whan tha self- 
expanding seal mechanism is released. Also it should be appradated that tha salf-axpamiing seal mechanism 666 
con be csmprised oi an absorbent material which when it absstbs safaie or Mood expands to farm a seal Such 
seals can be raadihr accomplished because it is only necessary to feim a seal of approximately \3 psi to pravint 
unail partidas fraro moving downstream. 

In order to prevent ebresiin of a vessel, it a desirable to cover the braided structure 667 with a covaraig 
668 of a suhable material such as a polymer or a biocomp'tibia coating which anands over the brakied sttvetura 
887 and which moves with the braided stnjctura 667 as it expends end camticts. The polymer can ba af a suitable 
maiarBi such as lieone. C ltex, polyethylene or PET which would form a good sealing er«agement with the waU 
of the anery. The covering 668 may be perforated to aUow perfusion. 

A mechanism is provided for compressing tha self-axpanding saaing madunism 666 so that tha apparatus 
un ba inierted into the vessel 481 and consists of an elongate sleeve 771 hevng proximal and distal extrenaties 
772 and 773 and a bore 774 extending from the proximal extronty 772 to the distal axtranuty 773. A color 778 
is mounted on the proxanal extremitv 772 of the slemre 771 and is positianed near the adapter 656. The eokar 776 
Mrves ai a mechanism for retranmg tha sleeve as shown in Figure 2 to uncover the sett-expanding sealing 
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imdnaiifn 666 ihtr the catheter hes teen deptoyed to tiennit the setf-ezpandino suHng mechanism 666 to ezoand 
and f enn a seal with tte artefiai mui adiacant the stenosis to be treated. 

Another emfaodimant of a catheter epperetus for treeting occluded vessels iacorporetino the present 
invention is shewn in fiffures 3 and 4. As shown therein, the epperetus 781 consists of a puidinB catheter 782 
haviio proiimal and disul eitremities 783 end 784. As shown, the distal eitreniity 784 is provided with a pre* 
formed bend of e conventionat type. A conventional ettechment 786 is mounted on the preanwl eitrenity 783. 
SeH^pandinQ seal mechanism 79 1 is mounted on the distal extremity 784 and is of the type hereinbefore desatel 
In connection with the embodiments shown in Figures 1 and 2. A sleeve 796 sMar to the sleeve 771 of the 
previous embodiment is provided in the present embodimBnt for encasing the self-eipanding seal mechanism 791 and 
for releestng the same after it has been disposed in en eppropriate position within a vessel edjacent the ocdusion 
to be treated. Thus, a sleeve 796 is provided heving proximai and distal extrenvties 797 end 798 end havhg a bore 
799 extimding from tha proximal extremity to the distal extremity which is sized so thet it can receive the guide 
catheur 78Z It is provided with e coyar 801 on its proximal extremitT which is adopted to be disposed outside 
the petient end which is edapted to be grasped by the physician for puHing the sleeva 796 proximaily to uncover 
the self-expanding seal 791 after the apparatus has been deployed to permit the seif-expansion of the sealing 
mechanism 791 to form a seal with the vessel well es shown ei Figure 4. 

hj accordsnce virhh the hereinbefore descrited descriptions, it is epparent ttet the apparanis con be readily 
deployed end serve the seme function as the mam catheter. To accomplish this^ the assembly 781 can te introduced 
into the femoral artery end the distel extremity edvanced into the desired locstion ei tte erterial vesseL After H 
has teen properly positioned, the physician can retrect tte sleeve 796 to permit tte self-expendmg seel medisnism 
791 to e:(pand end to form a seal with tte wall of the arterial vessel to occkile the arterial vessel and interrupt 
the flow of blood in the vessel to provide e working space distel of the occlusion formed. This prevents smel 
particles which may therasfter bt dislodged from moving downstream. Since e centre! bmen is evailsble. the 
therapeutic procedures teresnbafcre described can te envrioyed with tte catheter apparatus stewn in Figures U 2. 
3 end 4. 

iXhhough the sBlf-expandino seiRng mechanism 666 (791) can be deployed by retracting the sleeve 771 
(799) es previously described, thi sealing mechanism can also te deployed by pushing tte flexiile elongate member 
852 (guiding catheter 782) through the sleeve so that the sealing mechanism can expand. This may be the preferred 
way of deploying tha sealing iracharnsm 666 {791), if there is ittie clearance between tte epparatus 651 (781) and 
the vessel within which tte apparatus resides, to reduce tte risic of damaging the patient's vessel. As discussed 
below in connection with subsequent figures, tte seeing mechanism 666 (791) may alternatively conprise menters 
such es e coi e ribten^e struauri a slotted tube, or e filter-Gke mesh. In uch cese, tte sealing nschanism 
expands to partially or completely ocdude the vessel in question, or attamativeiy, to ancter an mtraveseutor device 
to the vesseL 
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Altenmiw SeH-Cmaimino Hgirhwri 

Amthermtndimant utng ■ MM stnieturi is shoMm KhematiuBy in FIG. 5, in wMch a fieiibia elongite 
mmbtr 20 ii difpnid wHhin a aacond atDngata nwi*ar 24 aith as a hrpelubB. A »tf amandins n«ehaoi»n 28 
such ai a braidad stiuetura a aaeoiad to tha disul and af tha atangata iMmfaar 20. pnrf»abV wiihin an indentation 
32 of nioniiiar 20. Tha braidad nructura 28 is onir pattiallr aneapsalatad by a pnfarably alanemerie nanbranB 
38 that nains a seal with tha patienrs vassal 40. (AtamatMly. a coating such as a palymaric eoatino may be 
usatf in place of tha membranes disdosad herain.1 bi this and tha other ombodmnts. adhesive may be osad to 
secure the salf-eipandina mechanism 28 and the membrane 36 to the efawoate mandier 20. In the entedbnent ef 
HB. 5, the braided stmeture 28 ami monbrana 38 an desiBmd to be asymmatricel. with mora raatarial being 
concenttited at the proiimal side of the stnietura 28. The braids of the ambadiments disclosed herein mey be 
stainless steel 304 er 400, superelestic or heat activated NhinBl an ben base shape memory aVoy. or a polymer 
base, such as polyethylene or pohrpropyiene. They may be constnietad. for example, by using stamiard equipmem 
such as a braider. 

Although the embodiment of RG. 5 shows the f leilils elongate member 20 connected to a puidewire tp 
44. ether technologies for guiding the device through the patient's vessel 40 may be used in this and the other 
ambodinsnts. such as a guidewire (either over the wro or single operator) or the eichange catheter method, os is 
wel known in the ort. Also, although not explicitly shown in tha embodinant of RG. 5 and the other erabodinents 
horain. tliese endwdenenu may inekide himans, aspiration and irrigation fittings, and collan ike those ikistrated in 
FIGS. U. 

The membrane 36 is prefarably impeivious to the Mow ef Uood (RG. 6a) for those sppBcatbns not raquiring 
perfusion, although a periorated membrane 36* fflG. 6b) bavaig mimeraus holes 37 therain may be used in other 
appbcations to altow the passage of blood. The heks 37 ara praferaUy greater than 10 nacrons in diemeter and 
miv ba up to 80 microns or more in diemeter to permit the passage of bbod calls (nonmally 6-10 nicrons in 
diametsrl through the membrane 36' while Uocfcing larger partkulatas such as emboH Likewise, a perforated 
nwrtrsnu 36' may be used in tha other embodenems disctased herein. Antithrembogenic coatings can be used (e.8, 
heparin) to prevent thrombosis formation. 

RG. 7 shows an embodiment ii which a bnkled stnicture 50 is not enclosad by a mendvene. When the 
braided structure SO compruas. for example, e diamond mesh pattern ei which adjacent wiras era separated by about 
10-80 microns, the brasled suuctura permits the passage ef rad btood cells, while bkicking the fhw of matter ttat 
may be undesirable, e.g. emboS or other panicuiatas that may be fanned or dislodged during medical procedures. 
Thus, this embodimem is watt wited for applications for which perfuskm is required. 

Ahemative self«panding madia ara shown in RGS. 8 and 9. In RGS. 6 and 9. a saK-expandng filter^ke 
mesh 60 and e saH-experaiing shitted tube 7Z respeaivelv, ara surrounded by e mmbrane 62 thet is praferably 
alastomarie. The fiter-like mesh 60 (or slotted tube 72) and membrane 62 ara banded or otherwise seemed to a 
flexiite ekmgata member 64, e.o- to an imientatian thenin. As with the other seH«panding media disclosed herain. 
the filter-ike mesh 60 (or slotted tube 721 expands fram its unatpandad state when the flaibia elongate member 
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84 k puilied thraugh a neond aionoata immlMr 66. or aliernathrsiy, when the taeend tlonBm mmittr 66 is 
iWFicted evar the fnt eionoate nmbar 84. The filter«ie inasli GO (er stoned tube 721 then ■tpandt so that (he 
nambiane B2 f oim a seal with the aunwieding vessel 68. A suiiewira t|i 70 eids in guiding tbi device through 
the wsial 6B. The iltar-like meah 60 and siotlad tube 72 ere af a auiuble shepa memory naterial such as Nitinol 
or 1304 or 400) stainless steal The finer-ice mesh 60 is fibrous in mure, beiig somewhat enetogous to neel wool. 
The slotted tube 72 has a lattic»<kB appearance. The slotted tube 72 mar be eonstweted, for example, by 
irradiming a thin-walad tuba with a luar beam to form hetes in the tube in the shape of polygons such as oblong 
quadrdsterate. An unaxpandsd, slotted tube 74 is shown in RG. 10. 

FIG. 1 1 Uustratet anothar embodiment, in widch a coi 80 serves as the salf-eipanding mechanism. The 
coil 80 may be integrally fanned with a f«t elongate member 82 or be olhetwise speeieVy joined to it. e.g, by 
welding or brazing thi coil to the elongets membar 82. The coil 80 is surrounded by e manteene 84 that expends 
with the coil when it is pushed out ol a secomi elongate member 86. or ahemativaly. when the second elongate 
member 86 is retracted from the coil 80. Thus, the msmbrana forms a seal with the surrounding vessel 90. The 
membrene 64 may be attached directly to the first alongata member 82. or to a mamber 88 such as a disk that is 
in turn secured to the coi 80 or the first elongate member 82. A guidewire tip 92 for guiding the device through 
the vasisl 90 may be attached to the first ehingate member 82 or to the nwatar 88. ff one is usad. 

An ambodimant simiar to that shewn in FIG. 11 u ihntrMed in RG. 1Z n wMch the mendirane 84 is 
secured at the prasimal end to a separate sheath 94. in this ease, the sheeth 84 and the fwt elongate mendier 
82 sri extended together over vd through, raipecthrely, the second elongate mamber B6. Assembly may reqwte 
preloading the ceil 80 through the distal and of the aacend elongete menter 86. 

Another embodiment thet employs a saH-expandino medium is shown in HG. 13. in wbidi e pbratity of 
riiboni 100 make eomact with a membrene 102 whie they expand to wga the membrane towards the wall of the 
vessel 104 whert h makes e seal. The riibons 100 of this embodiment are preferably secured to a first eiangate 
mertter lOS at both ends ot the ribbons, by, for example, gluing them n place. The rUions nay be OJI01-0.004- 
I aOOi5 0.020- X 0 J5-1.0- strips of Nitinol. stainleu steel or E^iloy'" which expend when urged out of the sacemi 
elongate member 108. A guidewire tip 1 10 may be used for guiding the device through the vessel and is preferably 
secured to the distal and of the first elongate member 106. 

FIG. 14 ikstrates an embodiment similir to the one in FIG. 13, in which ribs 120 such as wras form a 
series ol semidralar arcs when they eipand. The ribs 120 are surrounded by e nwnbrana 122 that expands with 
the ribs 10 form a seal with the vessel 124. The number ol ris 120 is preferably at least three. The ribs 120 are 
prefaraMy attached directly to a first elongete member 124 that is surrounded by e second elongate rmnber 126. 
The ribs 120 themsehres are preferably made of a shape memory material such as Nitinol or stainless steel. A 
guidewire tip 128 aids in guidmg the device through the vessel 130. 

As in the ether seK-eipending embodimems. the self-expending mecbsnisffl 100 (120) is in an unexpanded 
state wAim eradosed by the secomi elongate member 108 (1261, and expends when pushed or pulled beyond the 
second elongete member 108 (1261. 
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HGS. 12A and I2B Ihinrra how •iKtriesI mum em be nid to geniriu htat to upand an expansnn 
manmar. A first aiaiigatainainbar 82' land a eafl 80- «Meh adjoins h. coil 80' and nmber 82' being similar to theii 
unprimed eountarparts) is profarabiy made of hast aetinted Nitiiiel an iron bass slisps nmery alloy, or another 
material thai aipands whan eiposed to heat. As shown in FIG. 12A. low profile, low reststi«ity electiieal lines 81 
and 83 praferataly pass either through or along the second elongate member 85 and are attached le^,.. soldered) to 
the first etongate member 82' on either side of the coil 80'. Whan current is applied through the eieetrieal ines 81 
and 83 (the power »ipply is net shown but is preferaUy outside the patient), the co8 80' heats op through rasistira 
heating, and the coil upsnds to urge the membrane 84 to contact the meal wal 80. Altvnathrtly, as shown n 
FIG. 12B. the first elongate menter 82- may have e coating 85 of geld or siver. In this embodinent. the coated 
elongate member 82' is used to pass current (with most of the currant preferabN being carried by the coating 85. 
so that most of the energy a deposited in the col 801 with the dreuit being completed with a low resistivity wire 
87 that is prefereWy connected (e.g, soldered) to eithr the second elongate member 86 or the sheeth 94. This 
principle af resistive heating to expand e expansion member can be applied to the other embodiments disclosed herein 
es well. 

RGS. 13A. 13B, end 13C Dhistrete how heat transfer using a iquid can deploy an expansion manner. The 
ribbons 100' are preferebly made of heat acthrated NitinoL an iron base shape memory aioy.Tr another materiel that 
■spends when eiposed to heaL In the embodiment of FIG. 13A. e wami safeia solution 107 is passed between the 
first end second elongate members 106 and 108 and then over the membiane 102. so that beet is transferred to 
the ribbons 100'. As the riibons 100' heat up. they expand, thereby urge« the mentrane 102 against the vessel 
wen 104. As ekistreted in RG. 138, the warm saline sohitien 107 my also be passed through the firet elongete 
member 10S end then through holes 1 09 in member 106 so that the saline sohition 1 07 more directly transfers beet 
to the ribbons 100'. In this entodimem. one or more holes 11 1 in the membrene 102 Idistel to when the saal with 
the v>ss« wail 104 is made) may be used to allow the seline solution 107 to flow ewoy beyond the rUwns W 
alter heat transfer to the ribbons occurs. As ihistrated in FIG. 13C, the saKne sehitioo 107 may also be passed 
through one or more closed loop coils or lumens 1 13 within the first elongati member 108. bi this way. the ribbons 
100' end the patiem s biood era not exposed directly to any sekAioo. Usng heat transfer can also be appliad to 
the other ■mfaodiments disetosed herein, provided the expansion member is suitebly constructed. 
u MechanieaHv de oleveii emhoitimy nt. 

Cither non-seif-expanding seebno machanisnu that can be used lor occluding e vessel are described bdow. 
In the embodenent of FIGS. 15-17. e first etongate member 140, preferably a pull wire, is (when the device is 
completehf assembled) etuehed to • br.ce member 144 thet is in turn attached to a first rng member 148. 
Adjoining the first ring member 148 and a aeeond ring member 152 are a plurality of ribbons 1S6 that extend 
between the two ring members. Surrounding the ribbons 158 is a membrane 160 that foms a saal wittt the 
patient s vessel 162 when the riibons ere expanded. The membrene 160 is jeered to et leest one and preferably 
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both of the mo mambart 148 and 1S2. Tht mmifamit 160 em be joinad to only ono of the ring menibcrt 148 
and 152. for ezample, whan tho nMntarant 160 aitandi far enauph h ttis longitudinal dnnion to permit the 
maniinne to naka a good laal with the wasial 162 when the Abont 156 are depfoyed. 

To asamUe the device, the fint and tecend ting mentara 148 and 152. the ribbons 156. and the 
meadrane 160 are piaeed at a unit around a second ehMgata member 166. wNdi has e peir of opposiiely facing 
holes 170 end 172. The brace inente 144 is inserted through tha holes 170 end 172 and secured to both the 
pull wire 140 and the first ring menher 148. Furthr. the second ing member 152 is secured to the second 
elongate member 166. This assambltd eonf^uration. with the ribbons 15B h their longitudinai orintation. is 
ftmrsted in FIG. 16. As Ikistrstcd in RG. 17. when the pul wire 140 is retracted, the riibons 156 Ishown in 
photttcm) and the membrane 160 that surrounds them are urged towards the vessel 161 where the membrane mokes 
e tul with the vessel The ribbons 160 ere preferably resifient enough so thet they return to their hmgitudinal 
orientation when the pull wire 140 is releesad. The etastieity and resSeneo of the put wre 140 ebo hebu the 
ffcbons 156 return to their undeployed configuration. A guidewira tip 171 may be used to assist in guiding the 
davicB to the desired location in tha vassal 162. 

A preferred way of retracting the putt wire 140 is shown in RGS. 18A and 168. FIG. ISA shows tha pull 
we 140, which is etuched to the brace member 144. A rotatable handle 180 is attached to a laekinB uwiAer 
184 wiiieh in turn is fastened to the puN wire 140. When the lockaig mendier 184 ctaars the second otongete 
raembe- 166 within which it resides hvhkh is preferably outsUe the petiem), the lockng member end roteteble 
handle 180 iray be oriented es Bhistrsted n FIG. 188 to keep the pui wire 140 teught. thereby preventing the 
saaioig mechanism from returning to its undeployed positan. The puN wbe 140 mey be mode of stainlest or nitnol 
end mey have a diameter of 0.00&OJ)08 inches, for e cetfaeter tmma an OJ). of 0J)14', for enmpie. 

An altwnative to the deploymem apparatus Oustrated n FIBS. 18A and 18B is shown in FIG. 19. n which 
a handie member 190 is grasped by the clincian to retract the pul wire 140. thereby depleyeig the seeing 
mechanism. Once eitended. the sealing mecbaniim preferably has the tanioncy to return to Us undephiyed position, 
which ei the process pulls the pud wire 140 back into the second ebnpste mndier 186. This can be prevented by 
iniertino • spacer member 194 between the bindle member 190 end the secarai elongate manter 166. After the 
medical procedure is complete, and ocdution of the vessel is no hinger required, the spacer member 194 can be 
removed and the pull wire 140 end the suing mechenism returned to their respective unieployed positions. The 
device un then be removed Irom the pitient. 

Ahhough the principle of using a non-self-expanding mechanism has been Ikistrated in FIGS. 15- 17 with 
respect to daf ormable ribbons, other non-self.axpaading mechanisms, as ikstreted in FIGS. 20A-20D, can be employed 
m ccnjunctwn with the brece member 144 end the first eml second ting ncmbers 148 and 152. For exenvte. 
nstead if usng ribbons 1 56, a non-saH-npanding braided straeture 200 cen be used, m wMcb the biaided structure 
200 adions first eml second ring membws 148 end 152 end is covered with e mendirene 160 to form the onit 204 
ihown n FIG. 20A. The unit 204 cen be used n conjumsion with en elongete member 166. e brece mmber 144. 
e gmdevwe tip 171. a first ekmgats member 140 soch as a pull wire, a rotatabh hanOe 180. and a kicking member 
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184 to fonn a dam aniiooous to th. rbbc^,M daviea of nc 15. Altamativetr. other m.etan»» can be used 
far aacurinp tha pull wire 140. such as a handle mandier 190 and a spacer inember 194. 

Othar wiMalf-aiinadino meehanian aieh « a fitar-ika mesh 208. a slotted tuba 212. and coia 216 can 
ba ysod ta form uiu 220. 230. and 240 analogous to tha braided stnicture unit 204 as shown m FIBS. 208, 20C. 
««l 200. Unhs 22a 230. and 240 can ikewise be used to constwet de»ieas analogcus to the ribbon^ased dsvk:. 
Uistrated in HGS. 15-19. Further, if unit 204 i, used without a nHmdiraiia. it may assist in blood perfusion if the 
braUed stnnmre 200 is suitably constmetad. Abamativaly. parforatad mamfaranas iika nenbranu 36' of FIG. 6B 
may ba used to pomit blood perfusion. Altbaugli tha ribbans 156. tha braided structora 200. tha filteMke mesh 
208. tb. slotted tube 21Z and the caib 216 must be actively deployad (04. with e pull win 140J. they ere 
navanhnlBu simiar to their salf-eipandinB counterparts. 

It should be understood that the scope of tha present imrention is not ba imitad by the Aistntions or the 
foreooinB description thereof, but rather by the eppanded cleims, and certain variations and modifieatiDns of this 
invention wil suggest themsehres to one of ordinary ski in the art. 
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WHAT IS CLAIMED 

1. A ctevcB kr ocduding a vascular saQmint. con^rinnB: 
an axpanstofi mambar; and 

first and saeand elensata mantes, wharein said first dai^ate mambar anoaves said azpansion mambar and 
said sseand atengata mambar anoages said first Hangata mambar. said aspansian mambar aipandinp ta at laast 
partialy ecckida ttv vascular saQmant wban ana of said akmoata mambars ii mowd longitudinaly. 

2. The davica of Claim 1, fvrthar comviainQ a material tliat adjoins said tzpansnn member lor 
creating a seai with the vascular sagmant. 

3. The device of Claim Z wherain said material does not completely encapsulate said expansion 



4. The devlcfl of Claim 1, wherein said expensien member » a fiiter«e mesh ettechetf to an 

indentation within said first elongste men^ier. 

5. The device of Claim I wherein said expansion member is in an unexpended state when it is 
surrounded by said second elongate member. 

6. The device of Claim 5. whereh sold expansion member expends when said first elongate mambv 
is pushed through seid ucond eiongate member. 

7. The device of Clain 5. wherein said expansiofl member is seif-expanding. 

8. The device of Claim 7. wherein said salf-expandhg member comprises a member selected from the 
group ccnsisting of a brail a col. a ribbon like structure, e slotted tube, e pfcirefty of ribs end a fUer^ie mesh. 

9. The device of Cleim I whereai said second elongete member b also secured to said expansion 



10. The device of CUim 9. wherein said expansion member expends es said first elongete mendier is 

retracted. 

11. The devce of Claim 9. wherein said expansion member comprises a maodier selected from the 
group consisting of a braid, a pksaJity of cois. a ribbon^ike stmcture. e slotted tube, end e fiter-ltke mesh. 

12. The device of Clain 9, wherein said expensien member expends as the reletive position of said 
first and second elongate members chenges. 

13. A method of occluding a sagmant within i vessel conning: 

inserting first and second elongete members into the vessel wherein the first elongate member adjoais en 
eipansion memben end 

verying the positiDn of et lust one of the elongate members so that the expansion member expands unti 
the vessel a occluded. 

14. The ntethod of Clasn 13. in which said varying step comprises retracting one of the elongete 

members. 

15. The method of Claim 14. in which said retracting one of the elongate nmbers causes the 
expension member to expend. 
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16. The imthed of Cbsn 14, h which tha upansion iranibir adjoins both ■ionoati mantes, and the 
ralathra poahian of tha aiaooata mambara b variad to aipand tha aipanaian mambar until tha vassal is occluded. 

17. Tha mathad of Claim 11 in which aaid vafying step comprises pushino ana of the elongate 
mambars throtioh tha otinr elonpeta mambar. 

18. Tha mathad ef Claim 13. further comprising: 
performing a medical procedure near the ecduded site; and 
retrievaig the elongete membeis and the expansion member from tha vessai. 

19. A method, comprising: 
inserting en expension mambar within tha vasset and 

heating tha expansion member to causa it to expand unti the vessel n at least parttally ecduded. 

20. The method of Claim 19, in which tha expansion member is comprised of e material aalected from 
the group consistino of heat ectivated Nttinol and an iron base shape memory alloy. 

21 . The method of Cleim 19, in which said heating the expansion mambar comprises pessing electrical 
current through it. 

22. The method of Claim 19, in which said heating tha expansion member comprises flowing warm 
sokftion near the expansion member to heet up the expension member. 
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